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Introduction 

Among the more studied human carcinoma-associated an- 
tigens are carcinoembryonic antigen (CEA) [14] and 
tumor-associated glycoprotein-72 (TAG-72) [5]. CEA is a 
180-kDa glycoprotein expressed on the majority of colon, 
rectal, stomach, and pancreatic minors [38] r and 50% of 
breast carcinomas (481 and ?n% kn^ adenocarcinomas 
[53], CEA is also exDr^csea on r.cnr.:,: colonic epithelium. 
TAG-72, initially rierinsn ijv ^onocumai antibody S7Z3, 
is a lOMcDa mucin rbnna on inc ecu surface of colorectal, 
gastric, pancreatic, ovarian, .indomerxial, mammary, and 
npn-smaH-cell lung carcinomas [51. TAG-72 is not appre- 
ciably expressed on a ranee nf normal human tissues with 
the exception of normal sccrcccr; ^nsomenium [49] and 
transitional mucosa, the mucosa auueeae co die tumor mass 
[55]. Monoclonal antibodies co TA : J*72 (6 ( 10, 32] and to 
CEA [2, 15. 45] have both had success in radiolocalization 
of tumors in patients. Boci) oi' rticse antigens represent 
potential targets of active specific immunotherapy. 

The use of anti-idiotypic antibodies as an immunogen 
represents one potential :iuproach of active specific im- 
munotherapy. Hie intemai-imarc -idiotypic antibody 
(Ab2) that recognizes the p;irat/jt>t: or the idiotype (Abl) 
may mirnjc the antigenic determinant recognized by the 
idiotype. Since these complementary idiotypic and anti- 
idiotypic interactions may function to regulate immune 
responses (20), an Ab2 can potentially be utilized as a 
surrogate immunogen 10 induce specific immune re- 
sponses [40]. These idiotype/anti-idiotype network: sys- 
tems have also neerj shown ro piav .i role in die regulation 
of T cell immunity via irnmunocioouiin and T cell rsceptor 
idiorypes [9, 41. 421. 
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Traditionally, most invesrii ators characterize the inter- 
nal image of anti-idiotypic a itibodies by the following 
Criteria; (a) Ab2 must be able © bind to the Abl idiotype, 
(b) Ab2 must inhibit Abl bin- ling to antigen and (c) Ab2 
must be able to induce an ant) antiidiotype or "Ab3" im- 
mune response reactive with \ le antigen, which could be 
either a cell-mediated or hum iral imTn^ nf . response. Re- 
cently, the use of anti-idiotypu antibodies as a vaccine has 
been reported to produce prote :tive immunity against par- 
asites, bacteria, and vira] injections [16, 34, 43]. This 
strategy is also being pursued i i tumor antigen sysrems for 
carcinoma [17, 18, 29, 52}, ro« lanoma [22, 28] and sarco- 
ma [7] in both rodent [7, 42] . nd human [17, "22, 28, 29] 
systems. 

We present data here on th ; generation and character- 
ization of two panels of monoc! 3nal anti-idiotypic antibod- 
ies that recognize the y^riable regions of mAb CC49 and 
COL-1, that react with TAG- r 2 and CBA, respectively. 
CC49 and COL-1 niAb were selected because of their 
defined pattern of reactivity s ecific for certain types of 
human tumors versus rhfe vast majority of normal tissues 
[38]. COL-1 mAb has also beei shown to react specifically 
with GEA but not with rhe clc sely related molecule non- 
specific cross-reacting antigen hat is found on the surface 
of human granulocytes. COL-1 has a K* of 1.36 X 10* M~i 
and has been shown to react wii i a protein epitope on CEA 
[26]. mAb CC49 has a & of 1. i.2 x 10» M-i and has been 
shown to react with a carbohyc rate epitope [27]. In Ongo- 
ing clinical trials, radiolabeled forms of both mAb CC49 
and COL-1 have been shown 1 1 localize carcinoma selec- 
tively in colon cancer patient ; (S. Larson, and B. Yu, 
personal communication). 

We report here that both sets af anti-idiotypic antibodies 
could specifically inhibit Abl binding to their antigen 
However, when the Ab2 were lsed as an immunogen, an 
Ab3 humoral immune response of antibodies reactive with 
the original antigen could not t s detected. We do demon- 
strate, however, that one of th 5 anrHdiorypic antibodies 
that recognizes the ami-TAG-7: : mAb CC49, could induce 
delayed-type hypersensitivity BTH) responses specific 
for tumor cells that express J \G-72. One COL-1 anti- 
idiotypic antibody, CAI-1, cou d similarly ehcit DtH re^ 
spouses to CEA on the surface ■ f murine tumor cells. 



Materials and methods 

Animals, Balb/c ami C57BU6 female c ice between 6 and 12 weeks old. 
Wistar rata and New Zealand rabbits v ere obtained &om the Frederick 
Cancer Research Facility (FCRF), qu randned and maintained in the 
Health Center Animal Resources Facil :y at NDf. Female arhymic mice 
Cnu/nu) with Balb/c background, also ol ained from the FCRF. were used 
in induce hybridoma, ascites in this sue /. 



Cells. The LS-174T colon carcinoma 
American Type Culture Collection (AT 
as described previously [39J. The MR) 
ccD line was acquired from die ATQ 
modified Eagle's medium (DMEM) ( 
fetal calf serum (FCS). The MC-38 ms 
line was a gift from Dr. S. Rosenberg | 
with the CEA gene (MC-38-CEA-2) w 



ell line [50], obtained from the 
CC, RockviUe, Md.) was grown 
-5 human embryonic fibroblast 
and maintained in Dulbecco's 
*m raining 10% heac-iu activated 
rins colon adenocarcinoma cell 
L 1J. The MC-38 line transduced 
is obtained from Dr. P. Robbing 



f44]. fioth lines wens maintained in DMEM containing lOSfa FCS. The 
OVCAR-3 humnn ovarian carcinoma cell line obtained from Dr. David 
Segal was mainnrined in ascites Ol nude mice on a Balb/c bachmrand. 
The tumor cell* were harvested from airires and grown in RPMI-1640 
complete medium suppJcmentEd with 2 mM giurainlne, l mM sodium 
pyruvate, f u ng i m ae (0.25 \ig/m\), 6 mitomycin (50 u#mJ) and 15% 
teat-mactdYaied FCS. AD marine hybridoma cell lines were passaged in 
RPMI- 1640 complete medium as described above. Cells were cultured at 
37 C in a humidified incubator containing 7.0% C0 2 . Monolayers were 
to&chcd from culture tlasks with 0.1* trypsin containing 0l5 mM 

Monoclonal antibodies. Tvn\ .uceli oj mouse mAb recognizing the two 
. <hranct human nimor-ossocatec aimzcnr. iAO-12 mid CEA . were used 
One panel of and- TAO-72 i.iaU (.J72.3. CCil, 13, 29, 30, 40.46.49, 83» 
92, and 112} rccnmuzcd mmupie cnjicDCs of me TAG-72 molecule (271 
The panel of anti-CEA mAb f COL-1. 4, 6, 7. and 11), wa« generated as 
previously described, and recognized different epitopes of CEA [26] 
D612 mAb waa utilized as an isorypematcbed control for th^se studies.' 
D612 has been reported to react wim nnman gasirointegtinal carcinoma 
and to normal gastrointestinal tissue, u iz non-reactive witb CEA [39]. A 
rat monoclonal anu-idiorypie nmiboav speciflc fbr mAb B72.3, deslg- 
^rodfef 172,3, UtUiZCd " 3 0001101 f0r ^ CC49 Abl ^-specificity 

Production cf anti-idiotypic mAb specter (Ab2) xo CC49 (Abl) and 
. COuX (Abl). Balb/c mice were immunised by iniraperitonefll (i p.) and 
subcutaneous (s. c) injections of -"0 uc/200 ul of eitaor CC4P or COW 
purified mAb coupled to keyhole umcet rxmocyanin (KLH) (Sigma, St 
Louis, Mo.) emulsified in complete freund's adjuvant (Sigma, Sl Louis. 
Mo.) as previously described (42). Animals were then boosted weekly 
wiih the unmunogen emulsuled in incomplete Freund's adjuvant The 
initial boost contained 50 M^2C0 uj whereas saw^cqucnt boosts con- 
mmed 20 ng. Prior to fusion, the mice were given a final mtervenons 
(i v.) boost of 10 \ig CC49/KLH or COl^l/KLH conjugates dilmed in 
100 uj phosphflt^buffercd saline (PBSV The fusion was performed 
3 days later according to me smndam mctnods for hybridoma teclmology 
[19J. Briefly, the splenic lymphocytes derived from me mice immiTn trH 
with either CC49 or COL-I mAb v^ntr. harvested and nicchamcally 
dispersed over a wire mesh screen frenco Cage Products, Boston, 
Mass.). Subsequontly. rliese ceils were rased with the non-uxamnoglob- 
ulin-secrednif mouse ravciomn ceil !i,ic . 3-NSl Aa4 ([23], ATCC no. 
TE3-1S) usinjr a o0<3fe solution tJlrmiyrrlivi^e ^Ivcoi 1500 (BI:HCheini- 
calsLtd., Poole. £^triana) ana xrcr. in nypoxanmine/ainiaopterin/thy- 
raidme selection medium as prcvioiisw described [3S]_ 

Screwing of owi-idiotypc hybridoma stwemaxanis, Tnitial screening of 
the CC49 Ab2 hybridoma supematanc was done by a solid-phase 
cii^yme-iinfced immroiosorbcju assay uiUSA) using a raodificationcf 
an indirecr method for the detection or f- ( ciind inimuno globulin [42] A 
sample containing 50 ng purified CC49 Prob>. or a purified preparation 
of murine polyclonal IgO FCabO* fragment diluted in PBS was coated to 
each wen of 96-well polyvinyl chloride flai^bottom microliter plates 
pynatech, ChaniQly. Va.) nnd incubated overnight at 4"C. For every 
immunoassay described in this section, .mugen-ccaied microliter well« 
were created with 100 ul i% '^"ine cri-i nibumin CBSA, ^igma, St 
Louis, Mo0 in PBS for 1 hm .0 isre-w me non-specific binding of 
anubody to the plates. A dO-lU sample cx -i±zi a 1 : ailution of hybrid- 
oma tissue-cultuicsupemaianis or vwca niluaons-oipurified Ab2 mAbs ' 
was then added to each well. Following a l-h incubation, 50 jil hcrse- 
raa^sh-peroxidfl$o-canju gated rabbit and -(mouse IgG Fc) serum (Jack- 
son Irnmunoreaearch Laboratories, West Grove. Pa.) was a*A<*A 
0 : 2500) to each weJl for 1 h. 37* C A to a wash step, any rexnainirte 
bound immunoglobulin was reveals hv n r'-nrin incubation with 100 ill 
substrate solution containine u.ou^ i-i- - .tea 2.S mM o-phenylenedi- 
amine dlhydrochloride suoatraic cslsnw. ;-cuis. Mo.) dUutedin ai M 
ph^te/ctoro huEfcr. pii j.o. Tlic rencuans were stopped bv addinon 

° T ^«« , l£ 04 ' mt& * VJm rcan 011 a Bic ^ micropW EUSA 
reader EL310 (Winoaski. \Ti :.n .Romance of 490 nm. Those* hy- 
bridoma supematant«! thai convince m.-*o !hnr specifically rrcognized 
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CC4S F(ab*>2 fragments but not murine I (ab'h fragments woe selected 
for further characterization of purified an (-CC49 mAb. 

Tnv COL-1 Ab2 hybridoma sttpcm tanis were screened using an 
inhibition solid-phase radioimmunca&sf f (SPRIA) where the super- 
natant were tested for the presence of lmi umoglobulrn that could inhibit 
^-radiolabeled CEA (International En: yme. San Diego, Calif.) from 
b indin g to COL- 1 mAb (Abl ) but not lnh bit binding to an isotypc-jden- 
tical anti-CEA mAb. COL-4 (IgG2a). Ia this assay, COL-1 and COL-4 
mAb were eoaied overnight to each w II of round-bottom microdter 
plates (100 ng/50 uJ) ai 4" C The plates a ere blocked from non-specific 
protean binding with 100 lU 5% bovine si rum attnnwt* (BSA) diluted in 
PBS for 1 h at 37" C. Samples containing 50 pj hybridoma supernatants 
at a 1 ;2 dilution were incubated for 1 1 at 37"C Following the wash 
step, which removed unbound immui oglobulin, i ^-labeled CEA 
(50000 cpm/25 uJ) was added to each w 01 for 1 h at 37"C The plates 
were washed and exposed overnight at -7 f C to Kodak XAR film with a 
Hghming-plus screen (Dupom, WUrningi m, Dei). Idiorype-speciftc su- 
pernatants were selected on the basis of )ir ability to inhibit the labeled 
CEA from binding to COL-1 roAJt> but nc to COL-4 mAb- 

Selection oftheCC49Ab2 that inhibit Ag Abl interaction* An inhibition 
assay was developed to characterize tf i anti-idiotypic antibodies to 
CC49 mAb. Purified TAG-72 (0349 uni ?50 ul) was dried down over- 
night at 37 a C to each well of round-boor n microti tor plates (Dynateeh, 
Chnntilly, Va_). TAG-72 was purified as maviously described from LS- 
174T colon carcinoma xenografts [46]. C ne unit of purified TAG-72 is 
defined as the amount of TAG -72 found f i one microgram of a standard 
tumor extract expressing TAG-72 [21], a separate microliter reaction 
pkffis that contain no antigen, 10 ng pur led CC49 protein (50 ul) was 
eoJnaibalBd with 30 pJ of cither dilutior ; of Ab2 dssue-culture super- 
natants or various concentrations of purij ed immunoglobulin for 1 h ar 
37" C. Next, 50 ul mixture was tansfte red to the TAG-72 detection 
plates and incubated for 1 h at 37' C, B< und CC49 mAb was detected 
with ^-radiolabeled goat anti-(mou9e Ifi 3 H+L chain) specific armsera 
(75 000 cpm/25 ul) (Becion-Dickinson, S n Jose, Calif.). The percentage 
inhibition was calculated by the followinj formula: 

lQ0 _ / 100 x [teat sample ™1 (cpm) - b tckground ™l (cpm)] 1 
1 total WI (cpm) - backgro md ■ »I (cpm) J 
The hybridoma cells that secreted mAb ( iat interfered with CC49 mAb 
(Abl) binding to purified TAG-72 were iloned twice and injected into 
mice for ascites production. 

Isatyptng of monoclonal anti-idiotypic c iiibodies, A SPRIA was per- 
formed as described previously for die sotypc determination of ibese 
Ab2 [38]. 

Purification of cmti'titiorypic monoclonal lnnbodies {Abl). For the puri- 
fication of the anti-idiotypic antibodies o CC49, the immunoglobulin 
was precipitated from the ascites fluid v iih 409b saturated ammonium 
sulfate ar 4" C for 3 h, The irnmunoglobu in was then dialyzed overnight 
against 20 mM TRIS/HC1 (pH 7.0) ar. 1 applied to an ion-exchange 
column (SAX protein DEAE; Waters, Division of MilUpore, Marl- 
borough, Mass.) by high-performance lie lid chromatOgrephy. Antibody 
was tinted with a salt gradient ranging £ 3m 0 to 0.5 M NaCl diluted in 
20 raM TRIS/HCI (pH 7.0). Fractions cc itaining the antiidiotype mAb 
were analyzed by sodium dodccyl sulft :e/polyacrylamide gel electro- 
phoresis followed by Coomassic blue si lining to reveal protein bands. 
Each fraction was assayed for reactivit - by the indirect anti-idiorype 
binding assay to CC49 F(ab0i. The fra :rions containing anri-idlotype 
mAb were pooled and dialyzed crtensi 'ely against PBS. The protein 
conccntradon was detennined by the mei tod of Lowry et al. [31). 

The anti-idiorypic antibodies zeaetive with CQL-1 were purified over 
a column containing Staphylococcus aur us protcin-A-Sepnarcse CL4B 
(SPA-Sepharose) beads (Pharmacia, Opt sala, N.Y.). A i.5-e sample of 
dry SPA-Sepharosc beads was swollen i i 0.1 M NaPO* buffer, pK 6-0, 
for 30 min and 1 -2 ml murine hybridozr % ascites fluid was added m the 
beads and rotated ax room temperature f <r 30 min. Following extensive 
washing with the 0.1 M NaPO* buffer, : H B.0. bound immunoglobulin 
was eluted whh 0. 1 M sodium citranj buf or pH 3.0- 4 J. Purified imrau- 
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noglobulin was inunodiatejy neutral izeo with 1 M TRIS and dialyzed 
against PBS. The fractions were characterized and pooled as described 
above. 

Radiolabeling qf monoclonal antibodies with \odine*125. The mAb 
COL-l, CC49. AI4M -7, CAIo. and CEA. were labeled with sodium 
iodide (Na ,25 I) using a modification oi ir.a lodogcn technique [12]. 
lodogen (Pierce Chemical. Rockfora. ill.) '.vas ailuted in chlrjrortitm to 
10 mg/ml and 20- ml aliquots were evaooratca under a scream of nitrogen 
and stored ai -20' C until use. a iO-ua aiiquoc of antibody or 200 jig 
antigen diluted in PBS and 0.5 mCi Na 125 I were added to the iodogen 
tubes. After* a 2- min incubation at room lemDerature, the protein was 
removed from the insoluble iotioiicn t.c MrdncorDorated i2S l was 
separaten from ihe antiboaY ov *:ci :iiiranon uu-ounh Sephadcx G»25 
(Pharmacia Fine Cliemiciis. Piscaiawnv. ; i.J. ;. 

Antibody coupling with KIM. Monocionai ancibodics were coupled co the 
carrier protein keyhole iimper hemocyanin (ICLH. Sigma Chemical, Sl 
Louis, Mo.) by chemical cross-linkinr/ in ths urcsenee of glutaraldehyde 
(Sigma Chemical, Sl Louis, Mo.) as Licenced T33]. 

Ab2 induction oftheAbS humoral response. Hg) b/c mice, Wiatar rats and 
New Zealand white rabbits were immunized with anri-idiorypic antibod- 
ies AI49-1-6 to exomioe ihe specificity of the humoraf Ab3 immune 
response within and across species boundaries. Wistar rats were im- 
munized with mAb AI49-3, 4 and 5. Three animals per group of mice and 
rats were immunized subcutareousiv wiro csmcr i5 fig or 50 Hg purified 
anti-idlotypic antibodies coupled to ivLll ,ma emulsified in complete 
Freund's adjuvant Subcutaneous boosrs oi roc same amount of unmono- 
gen emulsified in incomplete Preund 's adjuvant were adrruniatered every 
2 weeks. Rabbits were Immunized subcutaneously at multiple sites with 
50 ug ann-idiotypic antibodies coupled to KLH, also emubified in adju- 
vant as described above. All animals were bled every 2 weeks either 
7 days following each boost for mice and rats or just prior to each boost 
for the rabbits. Two strains of mice (JialLVc and C57BL/6) and New 
Zealand white rabbits were also unmuni^id as described above with 
three of the and-idiorypic mAb to f.*EA i^iarsated CA1-1, Otf-3 and 
CAI-5. 

Quantification of TAG-72- reactive aiuiooay. Scrum samples from mice 
and rats were collected from the nil "lip into Natelsoa heparanlzed 
collecting tubes (Government Mnnxunu oar vices, Washington, D.C.). 
All serum samples were cestcd in r. matiiin-j EPpJA for antibody reactiv- 
ity to purified TAG-72, 7AO-7,' '...TA iJ/50 uJ) anil BSA 
(100 ng^50 ul) dilurcd in PBS were coco Lncd down to microtiter wells 
overnight at 37" C, Serial dilutions of scrum 'starting at 1:100 wore 
incubated wiin the antigen on Uic plarc tor l h at 37"C For the detection 
of bound mouse iniinurioglobulin. '-^-labeled goat anri-(mouse IgG 
H+L chain) specific antiscra (75 000 cpm/ IS id) was incubaxed for 1 h at 
37* C, Bound rat immunoglobulin was acteroiined utilizing a rabbit anti- 
(rat IgG H+L chain) specific linker ( 1 : 2500) (Jackson Irtuniinoresearch 
Laboratories. West Grove, Pa.) followed by '^-labeled S. aureus protein 
A (SPA) (50000 cpm/25 ul). Rabbit antiserum binding to TAG-72 or 
BSA was detected by 1J5 Msbclcd SPA (50000 cpm/25 uJ). 

Quantification of antibodies reactive wrn -ISA, Samples of mouse and 
rabbit sera were quantified for ami-CEA ailibocies by ft is a Micro 
titer plates were dried down overmcini ax 37 V C with 100 ng/well purified 
CEA- The wells were incubated with dilutions of mouse or rabbit an- 
tiserum, preimrnuTiization serum, or the anri-CEA mAb, COL- 1. Bound 
antibody was detected with horseradish-Dcrojcidase-cortjugated goat and- 
(mouse fgG) antiserum or similarly coniuaatod donkey arjtl-(rabbit IgG) 
antiserum (Becton Dickinson. San ;osz. : Ulif.). The complex was de- 
lected using the o-phcnylcnediaminc eiiro 'noacn as described above. 

Ab2 induction nf finitL'~ihS' % "^!:r • *vH/f-r^pe nvperrensitivUy re- 
sponses. 'Hit induction oi csH-m&ri incci i!!:rnun;ty to TAG-72 by immu- 
nization wirh rinti-idiorvtnc m.M.\ M^M\-'f was explored using a 
delayed-cypc hypcriicnsitiviiy israv i -U .ifllh/c mice were imrn uni»c4 
twice at 2-wcek intervals wim 1.5 io 7 i'raniated (40 Gy) hybridoma 



PAGE 14/33 ' RCVD AT 12112/2003 8:59:50 AM (Eastern Standard Time] • SVR:USPTO*EFXRF-2fO * DNiS:7463122 * CSID:202 672 5443 ' DURATION (mm-ss):1648 



12/12/2003 09:07 FAX 202 672 5443 



F&L 4th FLR REAR 



@015 



5 

E 
g 
x 

3E 



Ul 

o 
2 




1UO0 



CONCENTRATION 
rtfl/SOul} 



Fig. L Inhibition of CC49 mAb (At 
species- Purified TAG-72 (0.35-U/5O u. 
37' C, co inicnciccr plates. In a separa 
bound, purified CC49 mAb (20 ng/50 j 
dilutions of tmu-idiotypic mAb AI49- 
starting at 1000 *fi/50 ul for 1 h, 37 a C 
ture wefe then inmihfltH an the TAG-' 
CC49 mAb was detected by a subseque 
labeled goat anti-(iiiou5o IgG) (heavy- 
(75000 cptn/25 pi). The percentage i 
scribed in Materials and methods 



t) binding to TAG-72 by AW 
'well) was dried down overnight, 
e reaction plate with no antigen 
1) was colrtcubamd with fivefold 
-7, or control IgG, MOPC-21, 
Samples containing 50 ul mix* 
2 detection plate for l h- Bound 
it 1-h incubarion with ^r-radfo- 
ind lighi-chain-spficific) antUezs 
hibiiion was calculated as de- 



cells secreting the ontMdiotvpic antiboi y, AI49-3, or human rumor cell$ 
that express TAG-72, emulsified in incc mplctc Preund's adjuvant (IFA). 
X-irradiated hyhridoma cells secreting a control isotype-marched mAb 
(COL-12) emulsified in IFA, PBS en tfsified in IFA, and PBS alone 
were utilized as control immunogens, a a separate experiment Balb/c 
mice were imrmirrireri with 100 w p reified and-idioiypic antibodies 
AI49-3-5 coupled to KLR in the man ler described above. Mice were 
challenged wiib an injection in one ootpad of 5 x 10 s X-irradiaied 
human ovarian carcinoma cells (OVC U*-3), which express TAG-72, 
7 days following the final boost, AS a control .for a non-specific DTH 
response, each mouse received an inject an of 5 x 1 0 5 X-irradiaied MRC- 
5 human fibroblast cells in the opposiU footpad and expressed in "rail" 
(0.0254 mm). After 48 h, footpad thick) ess was measured with a micro- 
meter. DTH was calculated as the diffen ncc of footpad swelling between 
bind footpads. This experiment was rqx atcd four times with three to five 
mice per group and readings were made in a blind manner. 

C57BL/6 mice were also udH2cd 1 j analyze the specific DTH rts 
sponses induced by me purified COL-1 1 rra'-idiotypic antibodies. In three 
separate e xperiments, four to six mice per group were immunized in- 
trejOTtoneally with X-irradiaied hybr doma cells (40 Gy) secreting 
COLrl Ab2. CAI-1, or X-irradiated byl ridoma cells secreting a control 
immunoglobulin D612. Seven days ft lowing the last immunization, 
5 x10 s X-irradiaied (200 Gy) human- ZEA-transduced murine rumor 
cells, MC-38-CEA-2, in 20 ul PBS wei $ injected into one hind footpad 
and 20 ul PBS containing 5 x 10 s X-irr diated ceUs from the non-trans- 
duced cell line, MC-38, Tvcre injected : icq the other hind footpad, The 
th i rl m ess of the footpads was measure* 48 h later as described. The P 
values were detertnined utilizing Studet 's Mest of significance [47). 



Results 

Generation of anti-idiotypic antibodies to mAb CC49 

Spleens from mice immunized with CC49 mAb coupled to 
KLH were subsequently harvested for hybridbma produc- 
tion. The superaatanis irorn a mrai oi 2750 walls were 
screened in a solid-phase julIS a for die presence of anti- 
bodies that bound to CC49 F(-ib'h fragments veisus con- 
trol murine polyclonal F(ab'^. Out of 2750 wells screened, 
26 were reactive with CC4P Ff •*')■> but not with the control 
murine P(ab'h fragments. I*hc remaining wells were nega- 
tive to both CC49 and control .ri'ab'b. No mAb were 
generated that recognize torn u J 4? and the control IgG 
F(ab02. 

In order to determine wnetner ttxese hybridoma super- 
natante contain immunoglobulin reactive with sites as- 
sociated with the paratope or' b CC49, the CC49-reac- 
tive supematants were screened in a competition radioim- 
munoassay. Out of 26 anti-idiotypic antibody Supernatants, 
10 inhibited mAb CC49 from binding to TAG-72. These 
Ab2 represent the portion of the total population that could 
be classified as potential Ab2 that may bear the image of an 
epitope on TAG-72. Seven of the wells containing anti- 
idiotypic antibodies to mAb CC49 that most efficiently 
inhibited CC49 binding to TAG-72 were selected for 
ascites production and further characterization. These mAb 
were designated AI49 (anti-itiiotypes to CC49) 1-7. 

Binding reactivity of pwijied sjiti-idiotypic antibody, 
AI49-1 - Z Studies were unaerraicen to determine if the 
purified Ab2 species. AI49-1 — . -.ould inhibit mAb CC49 
from binding to die TAG-72 <airigen. As seen in the 
radioimmunoassay results siiown in Fig. 1 P all of line puri- 
fied Ab2 specifically imiibired mAb CC49 (Abl) from 
bmding to purified TAG-72 while che irrelevant control 
antibody, MOPC-21. failed to inhibit binding. These re- 
sults suggested that the puririsd anti-idiocypic antibodies 
recognize site(s) proximal ro to . .; ;tf antigen combining 
Site. 

Specificity of monoclonal anti-idiotypic antibodies (Ab2) 
for a site unique to mAb CC49 (Abl). Jjx a previous report 
[27]. we demonstrated that manv of the anti-TAG-72 "CC 
mAb, including CC49, were shown to cross-compete with 
each other in a reciprocal competition radioimmunoassay. 
A rachoiinmunoassay was oesijmea to determine if the Ab2 
species AI49-1-7 recognize ' detenninams common to 
some or all of a panel of ten anri-TAG-72 mAb, or only 
recognize a determinant unique to the mAb CC49. AI49- 
1-7 were radiolabeled and tested in direct-binding 
radioimmunoassay for immunoreictivicy to a panel of CC 
nvVb. As shown in Tabic L i;r. : -'-radiolabeled AI49-1- 
7 mAb species bound uniquely iz mAb CC49 idiotype 
but not to any of iocs orncr nior-'pss on tne anti-TAG-72 
mAb species or rhe irreievnut ^-y.irroi mAb, COL-3 As a 
positive control, ^^-labek;: . .mri^tmouse IgG) an- 
tiserum was .mown ro 'm::c .v^'i containing IgG. 
rncretbre. Al4l)M - : - ^rrsr.neemtODes restricted to 
CC49 among uae panel of CC ui/Ui. 
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Tabi& L Binding reactivity of ann^idiotyp c antibodies (Ab2) AI49- 1 - 7 to a panel of anti-TAG-72 mAb* 



raAb 


Isocype 


abeied AI49 mAb (Ab2) (cpm) 












(AM) 























AI4 '-I 


AI49-2 


AI49-3 


AI49-4 


AI49-5 


A!49-u 


AI49-7 


GAM 


B72J3 


IgGl 


6. 


79 


63 


79 


19 




109 


4276 


ecu 


IgGl 


6- 


36 


104 


45 


14 




54 


5430 


CC15 


IgG2b 


7: 


42 


54 


35 


!"3 


•l 


lOa 


4859 


CC29 


IgOI 


8! 


0 


69 


54 


j7 




*5 


4174 


CC40 


IgGl 


7! 


35 


63 


99 


63 


_i 


105 


3238 


CC46 


IgGl 


7! 


54 


68 


68 


40 




155 


4851 


CC49 


IgGl 


310i 


12056 


9110 


6936 


10072 


'7597 


3498 


■ 2475 


CC50 


IgGl 


164 


47 


130 


78 


4 


:5 


82 


534S 


CC83 


IgGl 


17; 


89 


* 64 


184 


79 




34 


4304 


CC112 


IgM 


13: 


57 


74 


75 


19 


1 




283 


COL-3 


IgGl 


10 


57 


49 


55 


47 




49 


3569 


PBS 


NA b 


171 


25 


19 


95 


31 


-e 


53 


24 



3 Microliter plates wetecoatedweimgnt 1 4* C with 50 ng/50 ul differ- 
ent mAb, Following an incubation with pb >sphate-bufrered saline (PBS) 
containuig 5% bovine serum albumin tobJ >clc non-specific protein bind- 
ing, ,S3 I-mdialabeled AI49 ann-idiotypic . nobodies or ^-radiolabeled 



goat anU'-(moUse IgG) (GAM) (50000 cpm/weil) were incubated on die 
coated microtiCcr plates for 1 b. Plates ware washed and boand unmuno- 
globoltn was determined as cpm bound 
b NA, not applicable 



Table 2. fine binding specificity of an) .-idiotypic antibodies (Ab2), 
AI49-1 -7. for the CC49 idiotypc (Abl)« 

Inhibitor Inhibition 50% (ng) b 



Ab2mAb 


AI49-3 


Index-^ 


A149-5 


Index- 5 


AI49-6 


Index-6 


AI49-1 


2.4 


3,8 


2.5 


0.9 


5.0 


7.8 


AI49-2 


7.8 


12.2 


2.7 


1.0 


6.S 


10.2 


AI49-3 


0.6 


1.0 


<0-6 


<0.2 


1.5 


2.3 


AI4M 


105.0 


164.1 


5.0 


L9 


IZ5 


19.5 


AI49-5 


16.0 


25.0 • 


2.7 


1.0 


7.0 


11.0 


AI49-6 


9.0 


M.I 


<0.6 


<0.2 


0.6 


1.0 


AI49-7 


5.5 


8.6 


<0,6 


<0.2 


3.8 


5.9 


AT72.3 


2000.0 


3125.0 


200O.O 


>741.0 


2000.0 


3125.0 



« Microliter wells coated with CC49 F 
were incubated with fivefold dilutions of 
control anti-idiotypic antibody to B72.3, , 
sequenfly, ^-radiolabeled AI49 Ab2 mA 
were added to the antigen plate (75 000 c[ 
incubated overnight, 4*Q The percentage 
described 

*> Quantity (ng) required to inhibit ,a5 I- 
50% Cko) 

* Index the experimental competitor Uo 1 
obtained by an Ab2 competing with itself 



ab')a fragtnenr (50 ng/50 ul) 
'Ifferent Ab2 or the irrelevant 
J72.3, for 1 b at 37* C. Sub- 

AI49-3, AI49-5 and AI49-6. 
n/25 pU) and me mixture was 

inhibition was calculated as 

adiol&bclcd Ab2 binding by 
alues divided by the I50 value 



was derived by dividing the experimental competitor Iso 
values by the I50 value obtained by an Ab2 competing with 
itself. The relatively low indices indicate that all of the Ab2 
mAb could efficiently inhibit, the labeled anti-idiotypic 
antibodies from binding 10 mAb (Abl) (Table 2). A 
control anri-idiotypic antiboay aj//2.3» which does not 
react with CC49> failed co compete ior chiding. 

Fine differences in binding wfre noted between the 
Ab2 species (Table 2). AI4<M reauired 164-fbld more an- 
tibody for 50% inhibition man tne homologous competitor 
AI49-3, indicating mat :r :;;:iv :^:r,£rmze r, related but 
different epitope on mAo <JC>£ ot may nave a lower affin- 
ity than that of AI49-3. AI49-5 appeared to have a lower 
affinity to mAb CC49 compared tcfine other types of Ab2. 
In some cases (AI49-3, 6, 7), icss competition antibody 
was required to cause 50% inhibition than when AI49-5 
was used as a competitor asnmst iureij. AiAb AI49-2, 4, 5 
appear to recognize relates ::rfsrent epitopes as 
AI49-6. 



Generation of monoclonal ami -hi 
carcinoembryonic antigen 



--mivc 2?itibodies to 



Fine specificity oftheAI49 mAb (/ b2) binding to the CC49 
idiotype (Abl). Reciprocal antibo ly competition radioim- 
munoassays were designed to <t m ip" the binding location 
of the different Ab2 species, AI4! -1 - 7, co the idiotype of 
mAb CC49 and to delineate whe her fine binding differ- 
ences exist between them. Table 2 siirnmarizes the data 
from these mapping studies. The panel of Ab2 was ana- 
lyzed for their ability to inhibit radiolabeled Ab2 from 
binding to mAb CC49 (Abl); AM 5-3, 5, and 6 were radio- 
labeled for this study. For these : tudies, complete inhibi- 
tion curves were generated for & ^h competitor Ab2 mid 
the quantity (ng) required to inhi >it me radiolabeled Ab2 
by 50% (I50) was determined. Frc n these values, an index 



Spleens from mice immunized with COL-1 mAb coupled 
to KLH were harvested for bybridoma production. Hybrid- 
oma supernatants from 5000 wells were screened in a 
solid-phase competition radioimmunoassay for the pres- 
ence of antibody rtuir coiud inm\:-i: • —-oidiolabeled CEA 
from binding to eitner iniiO c isotvpe-idontical 

mAb COL-4. Hve sunernatants cur n 5000 wells screened 
(0.1%) contained irnmunoelODiijin tnat specifically inhibit- 
ed radiolabeled LIE A binding ?o • .OL-1 but not to mAb 
COL-4. These rive, •mtt-i'jiorvrjio Mitioodien were desig- 
nated tne CZi. i .inu-idiuLv,:ic wdics. JAI-i-5. No 
supernatants were ooscrvo- ■ v;jcl -niiipit CEA feom 
binding to mAb COL-4. 
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Fig. 2. Inhibition of COL, \ (Abl) bL 
(CEA) CAg) by AbZ Purified. CEA ( 
night to each well On microliter plates 
' twofold dilutions of the purified anti 
CAI-2 (O). CAI^3 (□), CAM (A ), < 
AI49-2 ( A) (starting at 100 ngPS \k 
labeled COL1 mAb (25 000 cpm/25 J 
ing 50 Hi mixtareB were then incuba 
plates. The radioactivity (cpm) was t 
was determined as described in Mater 



ding to caicinoembryonic antigen 
r 5 ng/well) was dried down over- 
In a separate blank reaction plate, 
idiotypic antibodies, CAM (■), 
AI-5 (a) as well as eoncrol mAb, 
wore comenbated with JJ5 I-radio- 
1) for 1 b* 3TC. Samples contain- 
ed for 1 h on the CEA detection 
^tested and .percentage inhibition 
als and methods 



Table 3. Binding specificity of tbe O >M and-idiotypic antibodies to a 
panel of anii-(carcmoembryonic ami; en) (anti-CEA) monoclonal anti- 
bodies* 



Ab2 

Inhibitor 
TCS 


la o type 


Anti-CEA mAI 


s(Abl) (% inhibition) 




COLrl 


COI -4 CQL-6 


COL-7 


COL41 


CAI-1 


IgGZa 


100 


10 


S 


0 


17 


CAI-2 


IgGl 


96 


1 


7 


16 


23 


CAI-3 


lgG2a 


PS 


0 


8 


16 


0 


CAI-4 


IgG2b 


99 


3 


0 


0 


0 


CAI-5 


IgG2b 


92 


5 


0 


0 


0 


NS-1 


NA b 


0 


0 


0 


0 


0 



Micro riter plates were corned with 
clonal antibodies (100 ng/50 pJ) and 
bfidoma tissue-culture supematants ( 
myeloma cells for 1 h. 37 f C. The pla 
1 h with ^I-radiolabeled CEA (5000 
bition of the radiolabeled CEA bine 
antibodies was calculated as describe* 
b Not applicable 



a panel of five anti-CEA mono- 
iach was incubated with Ab2 by- 
TCS) or coiKroI TCS from KS-1 
?8 were washed and incubared for 
• cpm/25 pi), Tlie percentage inhi- 
.ng to the anti-CEA monoclonal 
in Materials and methods 



Binding reactivity of purifiei 
CAI-1 -5. Studies were undei 
pare the binding reactivities c 
CA1-I -5. In the; competition r 
Fig. 2, CAI-1 -5, specifically 
mAb COL- 1 (Abl) from bindi 
control mAb directed at the CC 
the labeled mAb COL-1 bind 
demonstrated inhibition curv 
slopes suggesting char these A 



anti-idiojypic antibodies, 
aken to analyze and com- 
f die purified Ab2 species, 
idioimmunoassay shown in 
inhibited ^-radiolabeled 
lg to purified CEA (Ag). A 
49 jdiotype failed to inhibit 
nf . The five different Ab2 
?s that had three distinct 
o2 may recognize different 



40H 



o 
m 



tu 

o 
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0. 
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CONCENTRATION 
ing/aoul) 

Fig. 3. Fine specificity of the ami-idiotypic antibodies (Ab2), CAT- 1 -5 
binding to the COL-1 (Abl) idiorype. Microliter v^eJJa were coated 
overnight 4*C, with 50 ul purified COM mAb (Abl). Following 
a step to block non-specific protein binding, the plates were incubated for 
1 h with twofold dilutions of purified and-idlotyafc antibodies CAI-1 
( ■ ), CAI-2 (O), CAI-3 (O }, CAI-4 ( L ), CAI-5 (S) a* wdl as a control 
immunoglobulin, AI49-2 ( A ) at a fitartin* concentr-arion of 200 ng/50 ui 
Subsequently, ^-radiolabeled anii-idiorvpic mAb, designated CAI-3 
(50000 cpm/25 ul), was added to rhc wares and incubated overnight at 
4*C. The percentage mnibition ^.»as rnjc^iared as described hi Materials 
and methods 



sites on the COL-1 idior-w ,>al). Ab2 mAb,, CAI-1, 
inhibited COL-1 bindint v/iir> ; ,;c. inchest relaaWaffinity; 
the mAb requirea oniv an ij achieve 50% ijihibitioiL 
Ab2 mAb CAI-3 and C/U-4 demonstrated supcrimposable 
curves suggesting that chey may recognize very related or 
identical epitopes. ana Cuo have similar slopes 

suggesting that they react with ^milar epitopes; CAI-5 
(Ab2) appeared to have a itfahsr irnnity than the rest of the 
Ab2 CAI-2 - 4 to mAb COL- m a o i ) . 

Anti-idiotypicmonoctoiuiimtibcdies, CAI-1 -5, recognize 
a site unique to COL-1. Frsvioug studies using reciprocal 
competition RIA have shown various degrees of cross-re- 
activity among the anti-CEA COL mAb series. Specifi- 
cally, COL-1. 4. 6, 7, and 11 all cross-compete with each 
other for CEA binding and cannot be distinguished from 
each other on me basis of uhese assays [26]. A competition 
radioimmunoassay was designee to deterrnine if the COL- 
1 Ab2 mAb recognize determinants found on a panel of 
anri-CE^ mAb. As shown m s, all of the Ab2 inhib- 
ited the binainn of -hmic:^ s^L\ to m/.b COL-1 
species but not the oir.aiju r ■ - . ^dioiaoeled CEA to any 
uf die otner inn-CilL .^.v. ".cse data suggested that 
these ao'2 /<:ccuicaiiv •—^v.^cz^ 'WOpes unique to the 
COL» I itiiorvne. 

Pine binainn specificity ■.. • mn-idiocypic antibodies 
CAI-1 for the COL- J ./;>"■■. ■ ii -mtzdody competition 
radioimmunoassay was acsienc-.i ^ amp cne binding of the 
different Ab2 mAb to rhe Kiioivnr. of the mAb COH 
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Fig. 4. Reactivity of rabbit eerura <Ab3) t ndiag to the CC49 ami-idip* 
typic antibody (Ab2) immimogcn, AI49-: r'One rabbit was immuniTed 
twice at 2- week intervals with the CC49 A iZ. A^9-5. Fivefold dilutions 
of prairarauaization (A), rabbit anti-AI4' -5 scrum (A) and a control 
hyperimmune serum against another Al 2, AI49-3 (□) (starring at 
1 ; 125) were tested for reactivity to purif 3d AI49-5 Abl Rabbit ami- 
(mouse Ig) Ab3 serum was diluted in ph( spbate-baffered saline (PBS) 
TViih \% mouse serum to absorb out antl-t ; rabbit responses. Microliter 
plants coaied with purified AI49-5 mAb • 100 ng/well) were incubated 
wiih different dilutions of rabbit anribod: a tor 1 h, 37" C. ^-radio- 
labeled CC49 mAb (50000 cpm/25 Jil) ^ as sequentially added to the 
plates and incubated for 1 h at 37" C The ] ertcntage lohibidon or' CC49 
mAb binding wag calculated as described i i Materials and methods 



(Abl) to delineate whether there ate fine binding differ- 
ences between the Ab2 species. Figure 3 illustrates the 
results of a. competition assay in * vhich the panel of Ab2 
were analyzed for their ability to ir libit ^-labeled CAI-3 
Ab2 mAb from binding to the CC L-I idiotype (Abl). As 
shown, mAb CAI-4 (Ab2) comp etely inhibited labeled 
CAI-3 Ab2 binding to COL^l Vbl p producing a curve 
superimposable onto the CAI-3 Al 2 inhibition curve of its 
own binding to COL-1 (Abl). TT ese data suggested that 
CAI-3 (Ab2) recognizes the same site as CAI-4 (Ab2) on 
COL-1 (Abl). The remaining, Abl species could only par- 
tially inhibit mAb CAI-3 binding, indicating that the Ab2 
differ in affinity or that they recog lize distinct epitopes on 
the COL-1 idiotype. The irrelevan control antibody Failed 
to inhibit 125 I-CAJ-3 binding to rru .b COL-L These results 
suggest that the CAI Ab2 antibod es can be distinguished 
by their binding to COL-1. 



Analysis ofAbS humoral immune . esponses induced by 
Abl 

Humoral Ab3 immune responses elicited by A 149-1 -6. 
The antj-idiotypic antibodies to IC49 (i.e., AI49-1-6) 
were tested for their ability to inc uce an antigen-specific 
humoral immune response (Ab3) \ ithin and across species 
barriers. This is the classical criter on to define if anti-idio- 
typic (Ab2) mAb express the inte nal image f Abl, thus 



'v_- 287 

numicking a B cell epitope on the onti&en. These studies 
were performed in mice, hits :u\a rz&bixs to analyze Ab3 
humoral immune responses. Mic^. ;i -touds of three, were 
immunized with 25 - >>J punned Ab2* AI49-1-G, and a 
control immunoglobulin 'JC'L-i-. ,\ats. also in groups of 
three, were immunized wim ij lu A149-3-3. One rabbit 
each was ariininistereu iO utz ,\i'±9- i-o. Sera were tested 
in solid-phase radioimmunoassay :zt reactivity against 
TAG-72 and an irrelevant control n.i risen 14 days follow- 
ing each boost. Sera from ml mis nnd three out of six 
rabbits were also tested for specific reactivity to the Ab2 
immunogen. All sera tested displayed strong titers of anti- 
body reactive with the idiotype oV the Ab2 immunogen 
(Fig. 4). On the other hand, none of :he anrisera derived 
from the Ab2-immunized mice, rats, and rabbits gave rise 
to antibody specific for TAO-7 1 during the 4-monch period 
of biweekly immunizations . 

Ab3 antisera derived from immunized rats and rabbits 
were analyzed for the presence of anti-Ab2-specific im- 
mune responses to ensure the animals were responding to 
immunization. Figure 4 illustrates representative results 
from one rabbit immunized with mAb AI49-5. The serum 
was tested for its ability to inhibit the binding of 1251-radio- 
labeled CC49 to purified AI49-5 coated on the microtiter 
plate. AI49-5 Ab3 serum derived 14 days following the 
second imniunization (day 2S> demonstrated specific inhi- 
bition. On the other nana, me :m--^.? rabbit nreimmuniza- 
lion serum and an Ab3 vacbit ::cni:n -mzmsi a aifferent Ab2 
(AI49-3) did net ccmpste. T.:s'*.c indicaisd that be rats 
(immunized witc Ai49-3. ! . rui-j .-. ) ma rabbits (imirjuinized 
with Ab2 1 - 6) lesrea in mis manner elicited specific 
Ab3 immune responses to the Al?2 idiotype that was uti- 
lized as immunogen. Titers :o mc /jj2 idiotype were also 
shown to rise widi subseouem ■ feminizations (data not 
shown). 

Humoral Ab3 responses elicited by anti-idioiypic antibod- 
ies to COL-1 (CAI-1 -5J. Studies were undertaken to deter- 
mine whether Ab2 mAb CAM -5 express the internal 
image of the COL-1 idiorvpe iV\bO thus ™ an 
epitope on CEA (A3). These were ctone in Balb/c 

and C57BL/6 (three per £roun; .v.:cc ana New Zealand 
rabbits (one or two per group; to analyze the induction of 
antigen-specific Ab3 humoral immune responses. All ani- 
mals were immunized as described in Materials and 
methods with 50 \ig purified Ab2 antibodies coupled to 
KLH. Preimmunization and serum samples taken 1 4 days 
following each boost were testca in dLiSA against purified 
CEA and an irrelevant control '.mi sen, thyro globulin. 
None of the Ab2 immune rent ".^nonstrated antibody 
specifically reactive to nmilica *"2A during the 4-month 
immunization period, . 

AH of the Abi reemt :::r:i -:^r: ■ ^rao for the presence of 
antibonv re:ictir« v.' .. .;.:zzd :ir. immunogen. 

Figure illustrates -nat ire ta-iw. adj .;era obtained 
14 days foilowinc tnc scconn iinmunization (day 28) con- 
tained antibodies specificaliv revive with the Ab2 utilized 
as immunogen but not with rfte "::;~r • JOL-1 anti-idiotypic 
nniibodies. Specific r,nti-.Vn2 j—wh raraonses were 
noted in all three rabbits ie5te«. .^u-C/iI-l rabbit Ab3 
serum was shown to react \vm; rur.nca CA1-1 Ab2 mAb 
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Fig. 5. Reactivity of rabbit Ab3 sen 
typic antibodies (Ab2). New Zealaw 
2-week intervals with purified C0L-; 
and 5 coupled to keyhole limpet her 
sera obtained 14 daye after the sec 
reactivity 10 their Ab2. Ana-idiorypL 
nated CAM, 3 and, 5, were coate* 
overnight at 4* C. The rabbit sera aga; 
boxes), CAI-3 (%i boxes) and C/ 
PBS wirh 1% mouse scrum in ordi 
responses. A 1 : 3125 dilution of each 
plates for 1 h, 37* C. Following a we 
1 h with haffietsdish-pcioxidase-conj 
tein A. The p-pbeny ] cacdiaminc chro; 
detection of the bound IgG complexe 



CAI-1 



ANTIGEN 



CAI-5 



ai binding to the COM anti-idio- . 
fWhite lobbies were immnniT^ at 
and-itUotypic! antibodies CAI-1 1 3, 
ioeyanin ag described. Rabbit Ah3 
md immunization were cestBd for 
antibodies to COL-1 mAb, desig- 
to microliter plates (50 ng/weD) 
ist the Ab2 species, CAI-1 {striped 
X-5 (white boxes), were diluted in 
c to adsorb out anti-(mouse IgG) 
exum was incubared on the antigen 
:h step, the plates were treated for 
igated Staphylococcus cureuj pm- 
logen was added for 1 0 mm for the 
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Kg. 6. Anu-idiotypic antibody (Ab2) induction of delayed-type hyper- 
aensrtivicy (DTK) responses 10 human tumor cells expressing TAO-72 
(As). Balb/c mice were immunized with 1.5 x 10' Xjiiradraied hyhrid- 
orna cells secreting the and-icfiocvDic ttiibodv (AI49-3). Hybridoma 
cells secreting a control IqG (COL-: 2;. PBS in adjuvant or PBS alone 
were used as control Immunocen. tinman ovarian carcinoma ceUs, 
QVCAR-3, expressing TAG-72 were inimurdied as a control for a wsi- 
ttvc DTK respond (TAG-72). Sever, uavs following the last boost, each 
mouse received an injection oi 5 l 05 ;C-irradiated OVQUl-3 into One 
footpad As a controJ for ncn-.wccirle rolling, the mice received an 
injection of 5 * \W .'Mraoiaiec 7/ human embryonic 

fibroblast ceife. ^kC-j. i.i ina WOTO aa L>TH responses were 

measured b lav* anc express*:: u\ ii).i)2$'\ ,nm) as the difference 
between fontpan swelling. Die ,uue& tine represents an arbirraiy base- 
line for a positive response, fiaca cs: presents one mouse, PBS/ADJ 
PBS in adjuvant ' 



but not to purified CAI-5 Ab2 mAb. Likewise, antj-CAI-3 
rabbit serum only bound to * IAI-3 and anri-CAI-5 only 
bound to CAI-5. 



Induction of cell-mediated imr. \urdty by Ab2 

Ab2 induction of DTK in tumo 'ceils that express TAG-72. 
Studies were conducted to de ermine whether immuniza- 
tion of mice with the AI49 a ^idiotypic antibodies can 
induce cell-mediated immune responses to TAG-72. Two 
pr elimin ary DTH experiment were performed in which 
mice were immunized with X -irradiated hybridoma cells 
secreting, AI49-3 > 4, or 5 (se* Materials and methods). 
Tliese were three of the Ab2 sj -cies that appeared to differ 
from each other on the basis o: the fine binding specificity 
competition assays. Ab2 AI49- 1 was the only antibody that 
demonstrated differential swel ing in response to challenge 
with the TAG-72-expressing < JVCAR-3 ascites cells in 6 
out of 8 animals (mean of 20 J Jim, 8 "mil") (Fie. 6). In 
addition, purified anti-idiotypi ; antibodies. AI49-3, 4 and 
5 coupled to KLH were testi d at one dose level using 
the same tmmnrri7ar jon regim m and did not induce DTH 
responses (data nor. shown). 

A summary of the DTH rest its from four experiments is 
shown in Kg. 6. Utilizing 127 im (5 W") as an arbitrary 
baseline level of a positive DTI I response, 9 ut of 13 mice 



i mmuniz ed with the hynnaois?^ ^acreang Ab2 AI49-3 
demonstrated positive swelling responses (Fig. 6). On the 
other hand, only 2 out of 32 mice unmunized with one of 
the controls (a hybridoma secreting an isotype-matched 
control IgG emulsified in 1FA. PBS emulsified in IFA or 
PBS alone) dcmonstratCG rerrcr-^s noove the baseline for 
differential swelling. 4 \s * u„.m.:.jj .or a jnsitive DTH re- 
sponse, the irradiaied OVOU-: ^ila -^ere also used as 
lmmunogen as described above. Out of 11 animals, 10 
demonstrated a differential DTH response to a footoad 
chaMenge with OVCAR-3 and MRC-5 cells respectively. 
Thus. AI49-3~Ab2-secreunG i:v::ridoma cells were able to 
elicit significant rcsnom-jc -o TAG-72^;pressing 
human rumor ceih comoarca *. v.>72-negative human 
embryonic fibroblast r;cU jiu?. ' : ; i'_r, o). 

A two^tailcd Student's /-i.ese .vKs utilized to analyze the 
statistical significance of mi oiiictence between the means 
ofrheobserved rssnonrcn ';;«v^« ^oupsiminnnizedwith 
either inenyDridoma cu ; ;j . .Miu^miotypic antibody 

or wtch rne control lirdnuit-jL^r.: ■ e::cnned above. These 

calculations were conaucL.:: ^ a dinner to account 

for variation oerween inriiYiu::::; - .'v-jerimenis. Tiible 4 re- 
ports the values caicujuwu ., :;m die combmations of 
pairwise comparisons or r.^cz-^n rcsoonses between the 
groups of immunogen. a a .:>- . ( .<r.^iicancly induced an- 
tigen-specific responses to tne i. t vi-72-.JKDressing ascites 
cell line, OVCAR-3, when compared to ail of the control 
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Table 4. Statistical analysis of delnyed-t) jc hypersensitivity (DTH) re- 
sponses induced by the CC49 anci-idiotyp z antibody, AI49-3* 



Immuno geru 










pair wise comparisons 








Group 1 


Group 2 






P 


(calls) 


(cells) 






AI49-3 


Controls 6 


kl50 


(39) 


<0.001 


AI49-3 


COL-12 


L880 


(20) 


0.010 


OVCAR-3 


Controls 


i-949 


(37) 


<0-001 


OVCAR-3 




1.B72 


(18) 


0.001 


PBS/ADJ* 


COL-12 


1.0200 


(20) 


1.000 



a Mice were immunized twice with the in 
cells, TAG-72+ OVCAR-3 cells, control h; 
12, PBS emulsified in adjuvant and PBS a! 
last immunization, mice were caalleng 
OVCAR-3 cells in one footpad^nd 5x 
cells in the other footpad. Aft£ 46 h, the 
Materials and methods) and DTH was d< 
footpad swelling. A two-tailed Student's 
Iized to calculate the P values of the d 
responses between groups immujuzBd with 
the anU-idiotypic antibody (AI49-3) vers* 
with either all of the control iramunogen ( 
that received the hybridoma cells secreting 
(COL-12). Comparisons were also made 
spouses observed between groups irnmuni 
sus the mean response observed betweer 
control immunogen Ox the hybridoma cells 
noglobulin, mAb COL-12. From the difT 
was calculated and P values were determit 
b Degrees of freedom 
c Conrrols included irradiated hybrido 
matched immunoglobulin COL-12. PBS 
vam, or PBS alone 

d PBS emulsified In Freund's adjuvant 



munogens AI49-3 hybridoma 
bridoma cells secreting COL- 
>ne. Seven days following the 
d by adrninistering 5 k 10 s 
0 s MRC-5 human fibroblast 
footpads were measured (see 
•jammed as the difference in 
-test of significance was utx- 
Serences of the mean DTH 
liic hybrid oma a&Us secreting 
a those that were immunized 
Controls) or versus only those 
in irrelevant immunoglobulin 
between die mean DTH re- 
:ed with OVCAR-3 cells ver- 
groups immunized with the 
;ecretm£ the irrelevant irmrru- 
rences between the means, f 
ad (41) 

nn cells secrerlng isotype- 
imulsifled in Freund's adju- 
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CAM Ab2 



CONTROLS 



IMMUNOGEN 

Fig. 7. Anti-idiotypic antibody (Ab2) induction of DTH responses to 
CEA-transduced murine tumor ceJls. C57BL/6 mice were immunized as 
described in the text with X-irrudiaied bvoriuoma cells (40Oy) secreting 
the anoMdiotypic antibody (Ab2) (C\J-n. or nvbridoma cells secreting a 
ccrin^lisoryr^^arr^edinAb, £612 rhqi jj r, 5n -reactivRwithCEA [38). 
Seven days following the boose, each mcu:c was challenged v*irh an 
injection of 5 x 10 s X-irtadiaied murine tumor cells expressing CEA in 
one hind footpad. To control for non-specific swelling, 5 x10 s X-ir- 
radiated murine non-transduced tumor cctk were injected into the op- 
posite footpad. After 4tf h, DTH -rMr'or.Ees 'vere measured In mil 
(0.0234 mm) as the difference benvrr.n rcv::rna r.'v R iKnEr. The donedline 
is an arbitrary value for z pazi\i«r. -.rw. l\icn represents one 
mouse 



immunogens (P <0.001) or the cor trol hybridoma COL- 12 
iramunogen alone (P = 0.01), As a positive immunogen, 
OVCAR-3 induced significant D r H responses compared 
to all of the control imrrmnogens o imbined (P <0.001) and 
to COL-12 hybridoma alone (P :0.001). In contrast, no 
differences were observed berwe :n groups of mice mat 
received PBS emulsified in IFA compared to responses 
observed in the groups of mice ino nuuized with the COL- 
12 hybridoma cells (P * 1.0) * 

Ab2 induction of delayed-type hy t >er$ensitiviiy responses 
to cells expressing CEA. Studies v sre done to examine the 
ability of Ab2 mAb to elicit specif ; cell-mediated immune 
responses to CEA on the surface c f a tumor cell. Recently 
we have reported on the generatic a of a murine C57BL/6 
colon adenocarcinoma cell line tl at has been transduced 
with the gene for human CEA (M 2-38-CEA-2) [44]. The 
availability of these ceils as wel as the non-transduced 
MC-38 cells (CEA-negatiYe) offer sd an excellent model to 
test specificity. Figure 7 illustrates the results of a series of 
three DTH experiments utilizing ■ ZAl-l Ab2 mAb as im- 
munogen. CAM was selected f o • these experiments be- 
cause initial experiments demonsi rated that CAI-1. out of 
all of the antiidiotype antjbodie: ro COL- 1, could elicit 
DTH responses to the CEA-tran: duced cells. Data from 
this eDcperixnent aare included in 1 ig. 7. With an arbitrary 



baseline for a positive DTH reaction of 140 |im 
(5.5 "mil"), 8 out of 13 mice immunized with CAI-1 Ab2 
mAb showed significant (P <0.001> responses to the CEA- 
transduced murine tumor cells (average =190 |im) com- 
pared to the mice receiving die control immunogen (aver- 
age = 6 fim). These data "demonstrate that mAb CAI-1, 
could induce statistically sismiricani cell-mediated immu- 
nity directed against tumor cdlc expressing human CEA 
(Fig- 7). 



Discussion 

This paper expiores one Jtoproacn --.i active specific im- 
munotherapy, tne use of monocronxu anti-idiotypic anti- 
bodies as surrogate immnnoscnf? 'nduce immune re- 
sponses to two oarcmoma-jKi- --.:».:•» i uiueens, TaG-72 
and CEA- In this report. : .-.v * v. ::. •; •.nti-liiocypic anti- 
bodies to nmb CC-19 ?.aa C !. . . -.rmizirj; TAG-72 and 
CEA respecnveiy r wnre ri^rir.-;; -no ^naracterized. 
These anti-idiotypic antiboaies wr.r« aemonsrrated by im- 
munoassays (a) co react specincaiiy with the idiotype of 
the monoclonal antibody (Abl) usea as immunogen and 
(b) to innibit tne oinainff interaction oerween the Abl and 
antigen. Anti-idiotypic antibQciier; /-.:49-3 and CAI-1 could 
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each induce cell-mediated in cmin responses specific for 
tumor cells that express TAG- 72 and CEA, respectively. 

Amwdiotypie antibodies < ffer a unique opportunity to 
induce specific immune res Jonses to monoclonal-anti- 
body-defined epitopes known to be tumor-associated, thus 
eliminating possible cross-ree ;uve responses to other epi- 
topes on an antigen, that may be found in normal tissues. 
The CEA-related antigen, no* -specific cross-reacting an- 
tigen, found on the surface oi human granulocytes is one 
such example. In addition, tb s use of anti-idiotypic anti- 
bodies could alleviate the p oblems of purifying large 
quantities of antigen; for exar iple, the currently available 
source of CEA is liver metasta res of human colon carcino- 
ma tumors, or xenografts grt wn in athymic nude mice. 
Moreover, we have found mat :EA isolated in this manner 
varies extensively from lot to 1 >t resulting in heterogeneity 
in content (data not shown). R icombinant expression sys- 
tems that produce large quantities of full-length, 
completely glycosylated CEA uave not been developed. At 
this time, only very small amc unts of TAG-72 have been 
purified from tumor xenografts in a multistep mAb column 
affinity purification procedure (46], The gene coding for 
the protein backbone of the T VG-72 mucin has not been 
cloned, so no recombinant exp ession system is available. 

''Mapping" of epitopes on an antigen by competitive 
binding analysis with monocl )nal antibodies sometimes 
cannot distinguish between ant" podies that bind to identical 
epitopes, overlapping sites or tl at bind separate sites of the 
antigen but cross-compete b& ause of spatial hindrance. 
Reciprocal antibody competit on binding analysis of a 
panel of anti-TAG-72 mAb s iggested that mAb CC49, 
CC112, CC40. and CC50 rcc >gnize similar or adjacent 
epitopes on the TAG-72 molec ale as determined by com- 
petition assays [27]. However, ill seven radiolabeled anti- 
idiotypic antibodies, A149-1- 7, reacted uniquely with 
mAb CC49 (Abl) and not witt the other CC mAb. These 
data defined the paratope of X49 as being distinctive 
from that of those mAb that re agnize similar epitopes as 
well as those that bind to diverg ;nt epitopes of the TAG-72 
molecule. Likewise, although tl e COL antibodies (COL 1, 
4, 6, 7, and 11) were shown to ecogriize identical or very 
similar epitopes of CEA by c ompetition E1A [26], the 
anti-idiotypic antibodies demox arated that the paratope of 
COL-1 is distinct from the resi These Ab2 reagents thus 
recognize private epitopes four d only on mAb CC49 and 
COH, respectively, and can be utilized as unique identifi- 
ers of only those idiotypes. 

Attempts to generate TAG-7 J ox CEA-specific humoral 
responses by immunization of ■ odents with the Ab2 were 
unsuccessful; no antigcn-speciJ .c antibody reactivity was 
observed in either system- Oni explanation may be that 
pre-existing Ag+ and Id+ B Cell clones are either absent or 
present only in very small clone- [24]. Evidence now exists 
that the concept of internal ima re conformation for anti- 
idiotype antibodies may only apply in special circum- 
stances [24]. Most of the inc need antigen-specific re- 
sponses can be explained by tfc * anti-clonotypic stimuli 
tion of Id+ B cell clones that are ather primed by disease or 
those that already existed and t ere committed to produc- 
ing the antigen-specific immune response. A second possi- 
ble explanation for this observa ion may be that there is a 



modulation of Ab3 humoraj immune responses against 
antigen that may have been bciow the level of detection at 
the time of serum testine. ttnaiiv. ibcse Ab2 may not be 
entirely paratopic in nature: cnev may not contain enough 
contact residues to the paratope ci me idiotype to induce an 
antigen-specific Ab3 antibody response [24]. An explana- 
tion for the TAG-72 system rnieni be that it is difficult to 
generate humoral immunity to a carbohydrate epitope em- 
ploying the protein bf the Ab2 immunoglobulin. However, 
humoral Ab3 respdnses have been demonstrated that rec- 
ognize polysaccharide epitopes of bacterial antigens [51]. 

At this time, the mechanism for cellular immwn« recog- 
nition of TAG-72 1 remains unimown. CC49 has been 
shown to recognize] a carbohydrate epitope [27], Antigen- 
specific T cell immunity against a carbohydrate moiety 
induced by an Ab2 is ^n unexpected observation since it is 
believed that carbohydrate itself can not induce T cell 
immunity. On the cjther hand, full characterization of the 
molecule may reveal that mAb CC49 (Abl) recognizes a 
partially glycosylated epitope. This would allow the 
anti-idiotype to contain a similar sequence that could 
be processed ana presented by antigen-presenting cells 
to induce T cell immune responses to TAG-72 on the sur- 
face of tumor cells. Cytolytic T 2elis have been described 
WC^iP a faL0Wn pG P tide 011 a nmcin molecule, 

Utilizing a DTHj assay, several laboratories have re- 
ported mat anti-idiotypic nnriho'-jes could induce cellular 
immuni ty in both murine .mii siuman tumor systems 
[29, 42]. In the studies mporaa here. AI49-3 couid induce 
a DTH response in mice to TAG-72 on the surface of the 
human ovarian carcinoma ascites cell line, OVCAR-3. In 
this assay we utilize^ xenogeneic tumor cells because no 
syngeneic rumor model exists at this time, Mice do not 
naturally express TAG-72 on their cells. However, repeti- 
tion of experiments and the use or many controls as well as 
statistical analysis confirmed that the DTH responses we 
observed were not likely to be due to xenogeneic re- 
spouses. 

The beneficial responses induced by anti-idiotypic anti- 
bodies have been fieijuently reported in both experimental 
systems and in some human cdricai investigation. Many 
anti-idiorypic antibojdies have .een described mat elicit 
Humoral Ab3 responses to tumor- associated antigen in ro- 
dent and human anusren systems. This has classically been 
used as. a criterion for nroceeainir with antitumor effects in 
model systems or r'oi rein; or. is clinical trials. However, 
one anti-idiotypic adiboav nine could not induce Ab3 anti- 
bodies to a syngeneic! antiaen associated with a rac sarcoma 
could induce an antitumor effect (71. However, the same 
anti-i dio typic antibody emulsified in adjuvant could induce 
Ab3 but could not inhibit tumor growth. Other anti-idio- 
typic antibodies havd previously ~"ta demonstrated to eli- 
cit DTH responses to [tumor ana^snr \ 19. 42]. One of these 
reported Ab2 couid innibii ;ur.;c_ jwwxo in syngeneic ro- 
dent model systems [42]. In humans, the development of 
an antiidiotype antibody response inpatients administered 
an anritumor-associaied antigen mAb to colon carcinoma 
has been reported to (correlate wim clinical improvement 
and long remission £oui aiscaic I'iJ. 34]. Furthermore, 



patients administered 



the same m* \o demonstrated specific 
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DTH responses to the Ab2 that w are reported io correlate 
with complete remission from d .sense (albeit in a few 
cases) [35]. Clinical trials with AJ 2 are currently ongoing 
for melanoma [4, 36] and colore ;tal carcinoma patients 
[18]. To dare, few clinical trials hi ve drawn these types of 
correlations. 

Many anti-idiotypic antibodies have been described to 
monoclonal antibodies that recogdze CEA [3 ( 8, 13, 30, 
37, 51]. Hie majority of these stud ss describe Ab2 species 
that induce Ab3 humoral immutu responses specific for 
CEA [3, 8, 13, 30, 51] characterize d by Western Wot [13], 
it Dmntin precipitation [3] and imm inoassays [3 P 8, 13, 30, 
51], as well as by immunohistochi mical staining of coron 
carcinoma tissue sections [3]. On : study has reported an 
Ab2 to an anti-CEA mAb that car induce a cell-mediated 
immune response [8]. In this study tumor-infiltrating lym- 
phocytes (TIL) obtained .from cc on carcinoma patients 
and stimulated in vitro, with an i-idiotypic mAb were 
shown to proliferate in Response tc purified CEA. No pro- 
liferation was observed to CEA i r those TIL stimulated 
with a control immunoglobulin. T? .e studies reported here 
are the first to describe an Ab2 ii itiating a ddayed-type 
hypersensitivity cellular immn^ft response ro CEA-ex- 
pressing cells. This is also the firs' report describing anti- 
idiotypic antibodies to an anti-TA< ?-72 mAb (CC49); one 
of these mAb was also shown to m« diate a cellular immune 
response. Cell-mediated immune i ssponses such as DTH 
have been implicated in playing a role in tumor rejection. 
Therefore* these anti-idiotypic and »odies may be useful as 
potential immuuogens for active s ?edbSc immunotherapy 
protocols of a range of human care nomas. 
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